Abstract. Traditional Hessian multiscale filter consider only the local geometric feature but not the global grayscale information. In medical image analysis, Hessian filter is usually used to enhance the blood vessels. However, it also produces some pseudo vascular structures or some isolate noise points, such as the nasal soft tissues that have the similar shape with the vessels in MRA data, which will increase the difficulty of cerebrovascular segmentation. To resolve this issue, an improved Hessian multiscale filter is proposed in this paper. An image grayscale factor is added to the vascular similarity function computed by Hessian matrix eigenvalue. This method is experimented on brain MRA data and lung CTA data. Experimental results show that this method can enhance vascular structures, and simultaneously reduce the appearance of the pseudo vascular structures and the isolated noise points.
Introduction
Cardiovascular disease (including heart disease and cerebrovascular disease) has become one of the main hazards to human health. On August 9, 2012, the National Center for Cardiovascular Diseases released the Report on Cardiovascular Diseases in China (2012). According to the report, the number of people with cardiovascular disease has been reached 290 million and nearly 3.5 million people die from cardiovascular disease every year, which amounts to 41% of the total causes of death, which is highest among all causes of diseases. Cardiovascular diseases kill about 9590 people every day in China, which means that nearly 400 people die from cardiovascular diseases per hour, and one person dies from cardiovascular disease every 10 seconds [1] . Hence the challenge before the medical practitioners is how to diagnose and detect the cardiovascular disease at an early hour. Recently, one of the effective techniques to diagnose and detect this kind of disease is by analyzing the imaging through CAD technology. There are four main imaging technologies for the clinical diagnosis of cerebrovascu-lar disease: Digital Subtraction Angiography (DSA), Trans Cranialcolor Doppler (TCD), Magnetic Resonance Angiography (MRA) and Computed Tomography Angiography (CTA) respectively, out of which MRA is the most widely used in the diagnosis of vascular disease in the Clinical practices. The precise segmentation of cerebral vascular plays an important role in diagnosis of cerebrovascular disease and therefore cerebrovascular segmentation has been a research focus recently.
The blood vessel can be segmented directly based on grayvalue [2] [3] [4] , prior knowledge [5, 6] , deformable model [7, 8] and graphical linking technology [9] . However, due to the fuzzy, uneven features of MRA images, vascular linear geometric feature is usually used to enhance the blood vessels before the segmentation for the extraction of brain blood vessels accurately [10, 11] . Hessian matrix is one of the effective vessel enhancement methods [12] [13] [14] , but it is used only ocal geometric feature of the image. As the vascular structures are enhanced, the other tubular structure like nasal soft tissue also enhanced simultaneously during this process. Thus some of the pseudo blood vessels, as well as much isolated noise points are enhanced, which certainly increase the difficulties of cerebrovascular segmentation. This proposed method is an improved Hessian multiscale enhancement filter, which combines the global grayscale information with the local geometric features. This improved filter can effectively reduce the number of the pseudo vessel structures and isolated noise points in the process of blood vessel enhancement. The proposed method in this work provides a strong foundation for the subsequent accurate segmentation of blood vessels.
Method

Hessian multiscale enhancement filter
Computation of Hessian matrix needs to calculate the second-order partial derivatives of the image. In general, linear scale spaces theory is applied to compute the differential operator of Hessian matrix. Under this theory, differentiation is usually defined as the convolution of raw data and derivative of a Gaussian filter. The second directional order derivative is defined as:
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The computation of eigenvalues of Hessian matrix is related with σ . Vascular enhancement process can be viewed as a process of filtering. In order to determine whether a point X belongs to the tubular structure in the image, the local properties of the point should be analyzed. Eigenvalues of the Hessian matrix 1
< < ) and the corresponding eigenvectors, 1 e , 2 e , 3 e indicates the direction information of the image. Ideal tubular structure has the following characteristics:
The symbols 2 λ and 3 λ are determined by the relations between tubular object and the background:
When the objects bright and the background are dark, these two eigenvalues are negative, and they are positive for the opposite condition. Typically, blood vessels are bright and the background is dark in MRA and CTA data. The 3D vesselness function defined in traditional Hessian multiscale filtering [6] :
in this paper. The value of ( ) 0 v λ is between 0 and 1. If a pixel belongs to a vessel structure, the value of the vesselness function is closed to 1. Otherwise, it is closed to 0. In this way, the vascular structure can be enhanced. The 2D vesselness function defined in traditional Hessian multiscale filtering:
Improved Hessian multiscale enhancement filter
Original Hessian multiscale enhancement filter is simply based on the local geometry feature of the image, but does not take the grayscale information of the image into account. That is the reason why some pseudo blood vessels and many isolated noise points appear in the enhancement result. Therefore, gray level factor F is added in this proposed method, which is shown in the Eq. (6).
is the gray value of pixel point ( )
x, y, z . Hu is the global adaptive threshold of vessel obtained by adaptive iterative threshold method. max P is the maximum gray value of MRA data, γ is the smoothness factor of F. Where
γ , the curve of ( ) F X is depicted in Figure 1 .
The parameter Hu in F is computed by adaptive iterative threshold method. Adaptive iterative threshold method is an automatic search method of threshold. Firstly, it calculates the average image gray value and is used to segment the original image into foreground and background. Subsequently, a new threshold c is being evaluated by averaging integrations of these two parts. This process is repeated until the threshold value shows some change. This is represented by a mathematical expression as follows.
Where L is the number of gray scales, and h k is the number of pixels with gray k. The iteration is continued until T i = T i+1 . T i is the final segmentation threshold. Hu=T i . The result of adaptive iterative threshold method is shown in Figure 2 .
The improved Hessian enhancement filtering defined in this paper is represented as shown in Eq. (8).
( ) 
Applying the operator of F, the pixels whose gray value are larger than Hu can be enhanced further, and pixels whose gray value are smaller than Hu will be supressed. As a result, thepseudo vessel structures and isolated noise points can be eliminated.
The 3D vesselness function defined for proposed method is represented in Eq. (9). 
The above proposed method can be applied as follow:
Step 1: Convolute the image with multiscale Gaussian filter; Step 2: Compute the adaptive threshold based on Eq. 
Results
The experimental data set which consists of three image data: two brain MRA data and one lung CTA data is provided by Beijing Xuanwu hospital. This data set is used here for the improved Hessian multiscale filter in a test platform based on a PC with CPU frequency 3.4 GHz and RAM size 4 GB. 4.
-scale filtering ult of data A w the result of da Experimental results are being evaluated by clinical doctors of Xuanwu Hospital and the Doctors opine that the proposed method can effectively reduce the pseudo vessel structures and isolated noise points, and gives a better than the traditional Hessian multi-scale filtering.
The segmentation result of adaptive threshold method
The proposed method in this paper can effectively reduce the pseudo vascular structures and isolated noise points caused by the multiscale filter. But due to some noise points exist in the enhanced image, an adaptive threshold method is adopted in the process of vessel segmentation. To further reduce the isolated noise points, the connected domain search algorithm in three-dimensional space [15] [16] [17] is applied. The vessel extraction results of the brain and the lung are shown respectively in Figure 7 .
Conclusion
In this paper, an improved Hessian multiscale filter is proposed by combining the global grayscale information and the local geometric feature. The experimental results show that the proposed method can effectively reduce the pseudo vessel structures and isolated noise points. As a result, the segmentation is more precise and meaningful for clinical diagnosis. 
